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Observing Real-Time Force-Dependent Conformational Changes of Single
Integrin on Living Cells and Their Regulation of Ligand Dissociation
Wei Chen1, Jizhong Lou2, Evan A. Evans3, Cheng Zhu1.
1Georgia Institute of Technology, Atlanta, GA, USA,
2Institute of Biophysics, Chinese Academy of Sciences, Beijing, China,
3Boston Unversity, Boston, MA, USA.
Integrins are adhesion molecules that connect a cell to its environment
and transduce signals bidirectionally across the membrane. Their different
functional states correspond to distinct conformations. Using a biomembrane
force probe, we observed real-time reversible switches between bent and ex-
tended conformations of single cell surface integrin aLb2 by measuring its
nanometer-scale headpiece displacements, (un)bending frequencies and molec-
ular stiffness changes. We determined stabilities of these conformations, their
dynamic equilibrium, speeds and rates of conformational changes, and impacts
of divalent cations and tensile forces. We quantified how initial conformations
and their subsequent changes of aLb2 regulate the force-dependent kinetics of
dissociation from intercellular adhesion molecule 1. Our findings provide new
insights into how integrins function as nanomachines to precisely control cell
adhesion and signaling.
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Conformational Change of HIV Nef upon Insertion into Lipid Membranes
Resolved by Neutron Reflectivity
Michael S. Kent1, Bulent Akgun2, Hirsh Nanda2, Joseph E. Curtis2,
Sushil Satija2, Xiaomeng Shi3, John R. Engen3.
1Sandia National Labs, Albuquerque, NM, USA, 2National Institute of
Standards and Technology, Gaithersburg, MD, USA,
3Northeastern University, Boston, MA, USA.
Nef is one of several HIV-1 accessory proteins and directly contributes to AIDS
progression. Nef has no catalytic activity but instead realizes its functions by
interacting with cellular proteins. Nef is myristoylated on the N-terminus, asso-
ciates with membranes, and undergoes a transition from a solution conforma-
tion to a membrane-associated conformation. It has been hypothesized that
conformational rearrangement enables membrane-associated Nef to interact
with cellular proteins. Despite its obvious disease importance, there is little
or no direct information about the conformation of membrane-bound Nef. In
this work we used neutron reflection to reveal details of the conformation of
membrane-bound Nef. The conformation of myristoylated Nef was studied
upon binding to Langmuir monolayers of negatively-charged lipids. By adjust-
ing the surface pressure, the extent of insertion of the myristate group could be
controlled. At sufficiently high surface pressure such that the myristate group
did not insert, adsorbed Nef was in a condensed state with the core domain di-
rectly against the lipid headgroups. At lower surface pressure such that the myr-
istate group inserted into the membrane, adsorbed Nef was found to be in an
extended state with the core domain displaced ~ 70 A˚ from the lipid head-
groups. Thus, insertion of the myristate group triggers a conformational transi-
tion to an open configuration. This has important ramifications for the ability of
Nef to interact with host proteins.
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Molecular Mechanisms Behind Mitochondrial Fission
Blake Hill, Marijke Koppenol-Raab, Jonathan P.B. Lees,
Cara Marie Manlandro, Lora K. Picton, Ammon Posey, Robert C. Wells.
Johns Hopkins University, Baltimore, MD, USA.
Mitochondria undergo a remarkable sequence of fission and fusion events dur-
ing its lifecycle yet the molecular basis of these events is just emerging. Fis1
appears essential to mitochondrial fission by directly or indirectly recruiting
Drp1, a dynamin-related mechanoenzyme to sites of scission. A genetic screen
in yeast identified non-functional alleles of Fis1 alleles but the root of this mis-
function is not known. We have taken biased and unbiased approaches to de-
fine Fis1 mechanism, which have converged on a new model. Specifically, we
determined that these non-functional alleles unexpectedly form elevated
amounts of dimer in vitro compared to wild type, suggesting that enhanced
dimerization of Fis1 interferes with mitochondrial fission. We rationally de-
signed a single point mutation that disrupts in vitro dimerization of Fis1. Sur-
prisingly, either obligate monomers or dimers are impaired in fission,
indicating that either the failure to dimerize or excessive dimerization interfere
with Fis1 function. To dissect this further, we have developed a novel method
to rapidly identify essential Fis1 residues. We randomly generated a library of
Fis1 variants and simultaneously screened for disruption of Fis1-mediated
yeast two-hybrid interactions with each binding partner of the >3000 colonies
screened, ~9% selectively disrupted interactions with one of the three protein
partners. To test the functional consequence of this analysis, we parsed each hit
sequence into its corresponding single point mutations and tested viability ina growth assay that directly reports on mitochondrial fission of 97 Fis1 mu-
tants tested to date, 40 resulted in nonfunctional fission indicating these resi-
dues are essential for mitochondrial fission. An analysis of these mutations
supports a new model for the assembly of the mitochondrial fission machinery.
We anticipate that this method will be useful in defining critical residues in
other macromolecular machines and ‘‘signaling hub’’ proteins with multiple
binding partners.Platform: Membrane Structure I
131-Plat
Chemical Imaging of the Lipid and Cholesterol Distribution in the Plasma
Membranes of Intact Cells
Mary L. Kraft1, Jessica F. Frisz1, Kaiyan Lou1, Haley A. Klitzing1,
William P. Hanafin1, Peter K. Weber2, Joshua Zimmerberg3.
1University of Illinois, Urbana, IL, USA, 2Lawrence Livermore National
Laboratory, Livermore, Livermore, CA, USA, 3National Institutes of Health,
Bethesda, MD, USA.
Domains enriched with cholesterol and sphingolipids, often referred to as lipid
rafts, are believed to be present in the plasma membranes of eukaryotic cells
and mediate important cellular functions, including cell signaling and virus
budding. Changes in the abundances of cholesterol and sphingolipids influence
many cellular processes. Yet, the distributions of cholesterol and sphingolipids
within the plasma membrane have not been established. The inability to di-
rectly visualize lipids and cholesterol without the use of labels that may induce
clustering renders characterizing the precise distribution of cholesterol and
sphingolipids within the plasma membrane especially challenging. To address
this problem, we have previously combined a chemically specific and spatially
well-resolved imaging technique, high-resolution secondary ion mass spec-
trometry (SIMS), with metabolic labeling in order to image the distributions
of sphingolipids within the plasma membranes of intact cells with at least
100 nm lateral resolution. We now report the use of this approach to image
the sphingolipid and cholesterol distributions in parallel on the surface of intact
fibroblast cells. We also quantitatively assess whether the cholesterol and
sphingolipids are heterogeneously distributed and co-localized within the
membrane. The results of these studies and their implications on models of
membrane organization will be discussed.
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Protein Micropatterning in the PlasmaMembrane Allows for Kd Determi-
nation in Living Cells and Superresolution Analysis of Lipid Rafts
Stefan Sunzenauer1, Mario Brameshuber2, Julian Weghuber3,
Gerhard J. Schuetz2.
1Institute for Biophysics, Linz, Austria, 2Institute of Applied Physics, Vienna
University of Technology, Vienna, Austria, 3Austria University of Applied
Sciences, School of Engineering and Enviromental Sciences, Wels, Austria.
In 2008 we introduced an assay for quantitative analysis of the interaction be-
tween a fluorescently marked protein (prey) and a membrane protein (bait) us-
ing microstructured surfaces, produced by m-contact printing, covered with
ligands (antibodies) targeted against the bait. The proof-of-concept was demon-
strated for the interaction between CD4, a major co-receptor in T cell signal-
ling, and Lck, a protein tyrosine kinase essential for early T cell signalling
(Schwarzenbacher, et al., Nat Methods, 2008).
Since then we worked on technical advances of the assay which are presented
here. A whole binding curve of secondary antibodies binding to immobilized
mouse antibodies was recorded, demonstrating that our assay allows for deter-
mination of the dissociation constant between a bait and a prey protein in living
cells. Furthermore we show that our method is a powerful tool to study mem-
brane micro domains or lipid rafts: Via patterning of GPI-anchored GFPs the
structure of cells membrane was some kind of sorted and the behaviour of
various proteins in these regions have been analyzed by super resolution
microscopy.
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Creating and Modulating Membrane Microdomains in Pore-Spanning
Bilayers
Alexander Orth1, Winfried Roemer2, Claudia Steinem1.
1University of Goettingen, Goettingen, Germany, 2University of Freiburg,
Freiburg, Germany.
The architecture of the plasma membrane is not only determined by the lipid
and protein composition, but is also influenced by its attachment to the
underlying cytoskeleton. We show that microscopic phase separation of
‘‘raft-like’’ lipid mixtures in pore-spanning bilayers is strongly determined
by the underlying highly ordered porous substrate. In detail, pore-spanning
Sunday, February 26, 2012 27amembranes composed of DOPC/sphingomyelin/cholesterol were prepared on
ordered pore-arrays in silicon with different pore diameters by spreading and
fusion of giant unilamellar vesicles. To induce vesicle rupture and fusion, the
top part of a gold-covered silicon substrate was functionalized with a thiol-
bearing cholesterol derivative that renders the surface hydrophobic. Confocal
laser scanning fluorescence microscopy was used to investigate the phase be-
havior of the obtained pore-spanning membranes. Coexisting liquid-ordered-
and liquid-disordered domains were visualized for DOPC/sphingomyelin/
cholesterol (40:40:20) membranes. The same result was obtained for lipid
mixtures, in which 5 mol% of sphingomyelin was replaced by 5 mol% of
the glycolipid Gb3. Videomicroscopy on these domains demonstrated their
lateral mobility on the surface. The size of the lo-phase domains was
strongly affected by the underlying pore size of the silicon substrate and
could be controlled by temperature, and the cholesterol content in the mem-
brane, which was modulated by the addition of methyl-b-cyclodextrin. Gb3
served as receptor for Shiga toxin B-pentamers, which bind to the mem-
branes and thus considerably modulate the phase behavior of the pore-
spanning membranes.
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Cholesterol Dependent and Independent Domain Formation in Mixed
Phosphatidylinositol/Phosphoinositide Model Membranes
Katrice E. King1, Yasmin E. Blaih-Isler2, Zhiping Jiang3, Arne Gericke1.
1Worcester Polytechnic, Worcester, MA, USA, 2Kent State University,
Kent, OH, USA, 3National Institutes of Health, Bethesda, MD, USA.
Phosphoinositides (PIPs) have been shown to mediate a large variety of mem-
brane trafficking events. Phosphatidylinositol (PI) is involved in these signal-
ing events since it is a precursor for PIPs. In addition to this role, we
hypothesize that the interaction of PI with PIPs affects the lateral distribution
of PIPs and hence the spatial organization of the respective signaling event.
The spatial organization of PI/PIPs is expected to be further modulated by
the presence of cholesterol. To explore these questions, we studied the effect
of PI on PIP domain formation in the absence/presence of cholesterol. While
binary mixtures of PC/PI or PC/PIP2 did not reveal any macroscopically dis-
cernable domains, we observed in the presence of cholesterol the formation
of PI and PI(4,5)P2 enriched domains. For cholesterol derivatives such as
cholestenone or cholesterylester, we did not observe the formation of domains,
indicating that the cholesterol hydroxyl group is an important factor for the
observed interaction between the sterol and the lipid. We extended our studies
to ternary mixtures of PC/PI/PI(4,5)P2, which showed also in the absence of
cholesterol domain formation for physiologically relevant concentrations of
the anionic lipids. We believe that the presence of PI ‘‘dilutes’’ the high
negative charge found at the PI(4,5)P2 headgroup, allowing PI and PI(4,5)P2
to co-localize in domains. Using fluorescence microscopy measurements of
GUVs and monolayers at the air/water interface, we extended this study further
and investigated the effect of cholesterol on the morphology of these ternary
lipid systems.
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How Lipids use Short, Strong H-Bonds for Membrane Stability, Making
ATP & More
Thomas H. Haines.
Rockefeller University, New York, NY, USA.
Short, strong H-bonds (SSHB’s) were first recognized by F. H. Westheimer
and O. T. Benfey in 1956. They consist of multi-oxygen anions such as car-
boxyls, phosphates or sulfates forming tight H-bonds, with other multi-
oxygen anions. Westheimer called them acid-anions because the resulting
complex was both an acid and a basic anion. He was studying the pK shifts
of maleic acid (cis-2-succinate) pK’s (pK1 = 1.9, pK2 = 6.3) vs. those of fu-
marate (trans-2-succinate) pK1 = 3.1, pK2 = 4.6). He explained the remarkable
difference by the fact that the maleate carboxyls are rammed against each
other trapping a proton between the anions, using resonance of the 4 oxygens
sharing a charged electron by resonance. Thus maleic acid has only one charge
and 2 carboxyls between pH 2.0 and 6.8. These H-bonds vary in length from
2,45 to 2.65 A˚ and have been detected in proteins by 1) highly deshielded
resonances (15-20 ppm); D/H fractionation factors << 1.0; solvent exchange
rates <<1 order of magnitude; & H-bond strength >5kcal/mol. Typical H-
bonds in proteins and nucleic acids are 2.7-3.0A˚ in length and 251 kcal/
mol in strength. SSHBs are commonly held proximal by external forces
such as protein conformation or hydrophobic forces between chains. They
are not typically observed by X-ray measurements, however the protons are
far up-field in proton NMR. Examples will be discussed on the stability fatty
acid vesicles, the use of cardiolipin’s conformation in bilayers, the stability ofchlorosulfolipid membranes of Chrysomonads and in the stability of other ex-
ample membranes.
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Lipid Raft Formation and Properties are Necessary and Sufficient to
Explain the Properties of Membrane Domains in B. Burgdorferi and are
Necessary for its Membrane Integrity
Timothy J. LaRocca1, Priyadarshini Pathak1, Salvatore Chiantia1,
John R. Silvius2, Jorge L. Benach1, Erwin London1.
1Stony Brook University, Stony Brook, NY, USA, 2McGill University,
Montreal, QC, Canada.
In eukaryotic cells liquid ordered (Lo) microdomains (rafts) rich in sphingo-
lipids and cholesterol are believed to have an important role in many mem-
brane functions. Borrelia burgdorferi (B.b), the bacterium that is the
causative agent of Lyme disease, contains host-derived free cholesterol and
large amounts of cholesteryl glycolipids. We recently found that microdo-
mains large enough to be seen by transmission electron microscopy (TEM)
form in its outer membrane (La Rocca et al (2010) Cell Host and Microbe
8, 331-342). In this study, the extent to which B.b. membrane domains
have lipid raft properties was investigated. We carried out lipid substitutions
in B.b. cells in which cholesterol lipids were partly substituted with various
sterols having differing abilities to support ordered domain formation. TEM
was used to visualize B.b. membrane domains, while in live, unfixed B.b. cells
FRET and fluorescence anisotropy were used to detect domain segregation
and measure overall membrane order, respectively. Both in ordinary B.b. cells
and in cells after substitution with sterols that promote ordered domain forma-
tion in model membranes there was domain segregation and membrane order
consistent with liquid ordered/liquid disordered domain co-existence. in con-
trast, after substitution with sterols that do not support ordered domain forma-
tion in model membranes there was no domain segregation and membrane
order was more consistent with the liquid disordered state. Association of
biotinylated lipids with B.b. domains required that they contain saturated
rather than unsaturated acyl chains. Membrane integrity and growth after
sterol substitution also required raft-forming sterols. Sterols not supporting or-
dered domain formation resulted in osmotic lysis of the organisms. These
properties demonstrate that B. burgdorferi membrane domains have the prop-
erties of lipid rafts.
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Sphingolipid-Enriched Microdomains in the Plasma Membrane of
Saccharomyces Cerevisiae: Ergosterol-Free «Lipid Rafts» in the Gel Phase
Francisco Aresta-Branco, Andre´ M. Cordeiro, H. Susana Marinho,
Luı´sa Cyrne, Fernando Antunes, Rodrigo F.M. de Almeida.
Centro de Quı´mica e Bioquı´mica, Faculdade de Cieˆncias da Universidade de
Lisboa, Lisboa, Portugal.
The plasma membrane (PM) of Saccharomyces cerevisiae was studied using
the probes trans-parinaric acid (t-PnA) and diphenylhexatriene (DPH), pro-
viding the first direct evidence for the presence of gel domains in living cells
and showing that the PM is mostly constituted by ordered domains(1). The
fluorescence lifetimes of t-PnA are particularly sensitive to the presence
and nature of ordered domains, and here the first measurements in yeast cells
are reported. A long fluorescence lifetime typical of the gel phase (> 30 ns)
was found in mid-exponential phase wild-type (wt) cells from two different
genetic backgrounds, at both 24 and 30C. The confirmation of the gel nature
was achieved by comparing t-PnA and DPH fluorescence anisotropy, and
studying the thermotropic transitions of liposomes reconstituted from PM
lipid-extracts. To address the location and composition of the domains sphe-
roplasts, the isolated PM, liposomes from total lipid-extracts, and living cells
of several mutant strains with deletions in genes coding for enzymes involved
in ergosterol-, sphingolipid- and GPI-anchor biosynthesis were also studied. It
was shown that the gel domains are not ergosterol-enriched lipid rafts, but
mainly composed of sphingolipids and GPI-anchored proteins, suggesting im-
portant roles in membrane traffic, signaling, and interactions with the cell
wall. The findings provide a biophysical mechanism for the targeting of
some proteins to the PM, which is sphingolipid-dependent but sterol-
independent and for the formation of membrane compartments in the yeast
PM (MCP and MCC)(2).
Acknowledgements: PTDC/QUI-BIQ/104311/2008, Cieˆncia2007 and PEst-
OE/QUI/UI0612/2011 (FCT, Portugal).
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